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Resumen
Se reportan datos paleomagnéticos de tres 
secciones sedimentarias del noroeste de 
Sudamérica (Ecuador). Las direcciones del 
magnetismo remanente natural obtenido de 
109 muestras orientadas tomadas en 4 sitios 
-ciudad de Quito (QC), Mullimica (Mu) y El 
Tingo (ET)- mostraron que algunas registraron 
un componente magnético diferente al campo 
geomagnético (CGM) normal actual. La 
magnetización característica fue determinada 
por desmagnetización progresiva de campos 
alternos. El análisis de las muestras mostró que 
las secciones registraron una magnetización 
remanente característica de polaridades 
normales, intermedias y reversas durante la 
transición Pleistoceno-Holoceno y Holoceno. 
En QC se registraron direcciones de polaridad 
normal, mientras que normal e intermedia en 
Mu y, polos geomagnéticos virtuales (VGPs) 
reversos en el ET. QC y la parte superior de 
Mu corresponden a la variación paleosecular 
GHO+RORFHQRHQ(FXDGRUGXUDQWHORVaND
BP. Por otro lado, la parte inferior del registro 
de Mu representa la transición de direcciones 
QRUPDOHVDLQWHUPHGLDVRFXUULGDVDaND
BP. En ET se observaron dos registros estables 
REOLFXRV UHYHUVRV FRQ XQD JUDQ ÀXFWXDFLyQ
lejana del campo geomagnético actual a 
ORV a ND %3 /RV SRORV JHRPDJQpWLFRV
virtuales (PGV) transicionales generalmente 
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coinciden con los registrados durante la posible 
excursión acaecida durante la transición 
Pleistoceno-Holoceno observada en otros 
lugares del planeta. Cuando se los representa 
en un mapa del mundo actual, los PGV 
calculados a partir de las muestras normales 
de QC están muy bien agrupados en el norte 
de América del Norte, Groenlandia y el norte 
de Europa; la mayoría de los de Mu se sitúan 
HQWUH\GHODWLWXGQRUWHHQ$PpULFD
del Norte, Groenlandia, oeste de Europa, África 
\HOQRUWHGHO2FpDQR3DFt¿FR/DPD\RUtDGH
las direcciones reversas de ET se agrupan en 
un parche ubicado en el sur de África, y unos 
pocos están situados en el centro de África, el 
este de Australia y la Antártida. Con los PGV 
resultantes de QC y Mu se calculó un paleopolo 
ecuatoriano; también fueron procesados otros 
paleopolos de la misma edad en sitios de Norte 
y Sud América. Cabe destacar que coinciden 
bien, aunque mostraron una diferencia angular 
a  FRQ UHVSHFWR DO HMH GH OD URWDFLyQ GH
la Tierra. Finalmente, se discute la hipótesis 
del estado excursional global del CGM durante 
ORV ~OWLPRV a ND %3 \ HO XVR SRWHQFLDO
como herramienta de datación de la excursión 
IHFKDGDHQND%3
Palabras clave: Paleomagnetismo, variación 
paleosecular, excursión, transición Pleistoceno-
Holoceno, Holeoceno, América del Sur.
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Abstract
Paleomagnetic data from three sedimentary 
sections in Pichincha province -Quito City (QC), 
Mullimica (Mu) and El Tingo (ET)- Ecuador 
(northwestern South America) are reported. 
Analysis of natural remanent magnetization 
directions obtained from 109 oriented samples 
WDNHQ DW  VLWHV VKRZV WKDW VRPH VDPSOHV
recorded a magnetic component different from 
WKHQRUPDO SUHVHQWJHRPDJQHWLF ¿HOG *0)
The characteristic remanent magnetization 
(ChRM) was determined by progressive AF 
demagnetization. The analysis shows that the 
sections recorded ChRM of normal, intermediate 
and reverse polarities during the Pleistocene-
Holocene transition and Holocene. Normal 
directions were recorded in QC, while normal 
and intermediate polarity directions at Mu and, 
reverse VGPs at ET. QC and the upper portion 
of Mu correspond to the paleosecular variation 
+RORFHQHUHFRUGIRU(FXDGRUGXULQJWKHa
ND%32QWKHRWKHUKDQGWKHORZHUSRUWLRQRI
Mu logs represents the transition from normal 
WR LQWHUPHGLDWHGLUHFWLRQVRFFXUULQJDWa
ND %3 6LWHV IURP (7 UHFRUGHG WZR VWDEOH
REOLTXHUHYHUVHUHFRUGVZLWKDODUJHÀXFWXDWLRQ
IDUIURPWKHSUHVHQW*0)DWaND%37KH
transitional virtual geomagnetic poles generally 
agree with those registered during the possible 
Pleistocene-Holocene excursion observed in 
other places of the planet. When plotted in 
a present world map, VGPs calculated from 
normal samples at QC are very well clustered 
in Northern North America, Greenland and 
Northern Europe; most VGP´s calculated from 
0XDUHVLWXDWHGEHWZHHQDQGQRUWKHUQ
latitude in Northern North America, Greenland, 
ZHVWHUQ(XURSH$IULFDDQG1RUWK3DFL¿F2FHDQ
Interestingly, the majority of the reverse 
directions from ET conforms a patch located in 
southern Africa, and a few ones are situated in 
central Africa, eastern Australia and Antarctica. 
An Ecuadorian paleopole was calculated with 
data resulting from QC and Mu. Also other 
paleopoles of the same age were processed 
from other North and South American sites. 
5HPDUNDEO\WKH\DJUHHZHOODOWKRXJKWKH\GR
not agree with the geographical pole showing 
a DQJXODU GLIIHUHQFH LQ UHODWLRQ WR WKH
rotation´s axis of the Earth. Finally, is discussed 
the hypothesis of the global excursional state 
RI WKH*0)GXULQJ WKH ODVWa ND%3 DQG
the potential use as dating tool the excursion 
GDWHGDWND%3
Key words: Paleomagnetism, paleosecu-
lar variation, excursion, Pleistocene-Holo-
cene transition, Holocene, South America.
Introduction
During the last decades, a number of 
paleomagnetic records across the world yielded 
DQRPDORXVJHRPDJQHWLF¿HOG*0)GLUHFWLRQV
OLNHO\ FRUUHVSRQGLQJ WR GLIIHUHQW H[FXUVLRQV
occurred during the terminal Pleistocene and 
Holocene (e.g. Petrova and Pospelova, 1990; 
%XUDNRY DQG 1DFKDVRYD  'HUJDFKHY
et al.,   *XVNRYD et al., 2008; 
.RFKHJXUD DQG 3LVDUHYVN\   /XQG et 
al., 2007, 2008; Moreiras et al., 2013; Nami, 
DE1HOVRQ3ODW]PDQ
et al., 2010; Raspopov et al., 2003; Urrutia-
Fucugauchi et al  =KX et al., 1998; 
among others). Radiocarbon dating indicates 
that they span the last ~11000-10000 
uncalibrated or ~13000-12000 calibrated 
years before present that, hereafter they are 
UHVSHFWLYHO\UHIHUUHGDVaND%3RUa
FDOND%3,QYHVWLJDWLRQVRQWKLVWRSLFKDYH
VLJQL¿FDQW JHRPDJQHWLF HQYLURQPHQWDO DQG
stratigraphic implications (e.g., Westaway, 
%DFNPXWRY&RQVWDEOHDQG.RUWH
 %URZQ et al., 2007; Kuznetsova and 
Kuznetsov, 2008; Dergachev et al., 2012). 
$GGLWLRQDOO\GXHWRWKHRFFXUUHQFHRIWKLVNLQG
of GMF behavior paleomagnetic data may be 
XVHGDVGDWLQJWRROV3DUNHV7KRPSVRQ
1991; Herz and Garrison, 1998). For this reason, 
compatible evidence on diverse material 
of similar age must be investigated using 
similar sampling and laboratory techniques 
(Roberts and Piper, 1989). Therefore, 
sampling in sedimentary sections from diverse 
environments was conducted in the Republic of 
Ecuador. The main goal was to explore the Late 
Pleistocene-Holocene GMF behavior in a low 
latitude area, because GMF anomalous records 
were previously observed at other latitudes 
DFURVV 1RUWK DQG 6RXWK $PHULFD HJ &ODUN
and Kennett, 1973; Gonzalez et al., 1997; 
Urrutia-Fucugauchi et al1DPLD
1999b, 2012, 2013; Nami and Sinito, 1991, 
  2UWHJD *XHUUHUR DQG 8UUXWLD
Fucugauchi, 1997; Sinito et al., 1997, 2001; 
Moreiras et al., 2013). 
Study area, sampling sites and chronology
The sampling sites are located around the Ilaló 
hill, Los Chillos valley in the Pichincha province 
(Figure 1). A brief description of the sites 
follows:
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Quito city (QC, 00° 12.10’ S, 78° 29.40 
W) section belongs to a ~2.30 meter deep pit 
made on Gerónimo Carrión St. for a building 
construction in Quito city. Despite of nowadays 
there is not evidence of alluvial activity, the 
sediments represent a characteristic lacustrine 
HQYLURQPHQW IRUPHG E\ DQ DQFLHQW ODNH
existing in this part of Quito until the Spanish 
conquest and colonial times. Due to the 
sedimentological and lithological composition, 
9 intercalated clay, sand and silty sand natural 
VWUDWDZHUHLGHQWL¿HGDW4&QXPEHUHG³,´WR
³,;´)LJXUHD
0XOOLPLFD0X¶
6
:LV
situated at the paramo in the eastern cordillera 
at about 4000 m.a.s.l. The paleomagnetic 
VDPSOLQJ ZDV SHUIRUPHG RQ WKH OHIW EDQN RI
San Lorenzo River, very close to its intersection 
with the Quebrada de Mullimica (Salazar, 
1980). The sedimentary pile consist in a 2 m 
WKLFNGHSRVLWRIKRPRJHQHRXVEODFNVHGLPHQW
overlying a late glacial deposit of pebbles and 
cobbles (Figure 2b)
(O7LQJR(7¶6¶:
is located in the homonymous village situated 
at Los Chillos Valley, southeast of Quito. The 
sampling was made in the upper part of a 
large section of cangagua WKDW LV D YHU\ ¿QH
volcanic material similar to loess, but with 
different mineralogical composition; although, 
this geological unit is widely believed to have 
been deposited during a glacial episode in the 
Figure 1. Map of Ecuador and location of the sampling sites mentioned in the text. QC: Quito City, Mu: Mullimica, 
ET: El Tingo (after Google Maps, 2013).
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Figure 2. Schematic stratigraphic 
SUR¿OHV VKRZLQJ WKH VDPSOHG VHF-
tions, AMS dates and location of the 
palaeomagnetic sampling related to 
stratigraphy at Mu and ET. Numbers 
on the cylinders’ top and bottom show 
the correlative order of the samples. 
In the text is given the description of 
each stratigraphic level which is num-
bered with roman numbers on the 
right of each section. At QC, level III 
and V were not numbered. 
3OHLVWRFHQH 6DXHU  (OVHZKHUH LQ WKH
Ilaló region, the upper part of the cangagua 
yielded highly diagnostic archaeological 
3DOHRLQGLDQ ³¿VKWDLO´ RU )HOO SURMHFWLOH SRLQWV
%HOO  0D\HU2DNHV DQG %HOO 
0D\HU2DNHV    ZKLFK LQ
South America were consistently dated ~11-
ND%31DPL7DEOH0RVWRI WKH
archaeological remains at these sites occur 
RQDGDUNOD\HURIVHGLPHQWRYHUO\LQJUHJLRQDO
deposits of cangagua, a volcanic tuff presently 
exposed in the lower slopes of the Ilaló hill 
0D\HU2DNHV
Considering the stratigraphic occurrence 
of the Paleoindian discoveries as well as the 
Pleistocene age of the deposit, it must be 
considered as Late Pleistocene/early Holocene 
in age. For this reason, with paleomagnetic 
purposes, only the upper part of the section 
underlying the recent soil was sampled, where 
the cangagua is the parental material.
It consisted of three levels, called here I, 
II and III (Figure 2c). Level I is the recent 
soil with vegetation, II is the transitional part 
between level I and III, which is formed by a 
gray cangagua.
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AMS radiocarbon dating technique (Hedges 
DQG *RZOHWW  7D\ORU  VKRZHG WR
be highly useful for dating the sediment´s 
organic matter (Wang et al :LOOH\et 
al., 1998; Pessenda et al., 2001). Dates from 
WKLV NLQG RIPDWHULDO WHQG WR SURYLGH UHOLDEOH
calibrated ages. However, it can be considered 
as a minimum age because the apparent mean 
residence time (MRT) of organic components is 
an important factor in soil dating. This is because 
the mix of younger and old organic matter that 
might provide younger dates (Scharpenseel, 
  6FKDUSHQVHHO DQG 6FKLIIPDQQ
1977; Stein, 1992). Then, sediment samples 
were submitted to determine the age of 
each site. QC and ET AMS measurements 
and ages calculation were performed by the 
NOSAMS facility at Woods Hole Oceanographic 
Institute and the CU-Boulder INSTAAR 
Laboratory for AMS Radiocarbon; all other 
preparation of the samples were carried out 
by the CU-Boulder INSTAAR Laboratory for 
AMS Radiocarbon Preparation and Research, 
University of Colorado at Boulder, USA. Mu 
sample was processed by the Leibniz-Labor 
für Altersbestimmung und Isotopenforschung, 
Universität Kiel Leibniz-Laboratory for 
Radiometric Dating and Stable Isotope 
Research Kiel University, Germany. Dates 
were made from the humic acid fraction of the 
sediment, which tends to provide more reliable 
DJHVIRUWKLVNLQGRIPDWHULDOV3HVVHQGDet al., 
2001). The results obtained are given in Table 
1 depicting the uncalibrated and calibrated 
DJHV XVLQJ WKH ³&DOLE UDGLRFDUERQ FDOLEUDWLRQ
SURJUDP´6WXLYHUDQG5HLPHUDQGWKH
calibration data set assembled by Reimer and 
colleagues (2013).
AMS essays from the lower portion of the QC 
and Mu sections dated both sites to the Middle 
Holocene, while the sample from ET yielded 
an age spanning the Pleistocene-Holocene 
WUDQVLWLRQFRQYHQWLRQDOO\HVWDEOLVKHGDWND
BP (Dawson, 1992). ET date is coincident with 
WKHDJHRI WKHDUFKDHRORJLFDO ¿QGVEHORQJLQJ
similar stratigraphic position in the area and 
other parts of South America (Nami, 2002, 
2007; Maggard and Dillehay, 2011); however, 
QC and Mu results might represent minimum 
age for the deposits.
Paleomagnetic study
Sampling procedures
3DOHRPDJQHWLF VDPSOHV ZHUH YHUWLFDOO\ WDNHQ
XVLQJFPORQJDQGFPGLDPHWHUF\OLQGULFDO
plastic containers. At QC and ET the cylinders 
were carefully pushed into the sediments 
RYHUODSSLQJ WKHQH[WRQHDERXWHDFK LQ
WKH ZD\ LOOXVWUDWHG LQ ¿JXUH F ZKLOH LQ 0X
the interval was ~2-3 cm (Figure 2b). Their 
orientation was measured using a Brunton 
compass. Samples were consolidated with 
VRGLXPVLOLFDWHRQFHUHPRYHGDQG¿QDOO\WKH\
were numerated from the top to the bottom. 
This sampling technique allows obtaining 
detailed paleomagnetic records and therefore, 
LWLVKLJKO\XVHIXOIRUWKHGH¿QLWLRQRIVKRUWWLPH
excursions (Clement and Kent, 1984).
Following the interval described above and 
LOOXVWUDWHGLQ¿JXUHFDW4&WKHVDPSOLQJQ
   ZDV WDNHQ EHWZHHQ  P DQG 
depth in the following levels: I (samples QC1 
1 to 10), III (QC1 11 and12), V (QC13 and 
 9,, 4& WR  9,,, 4& WR 
DQG ,; 4& WR6DQG OD\HUV ,, ,9DQG
VI were not sampled due to the presence of 
FRDUVHHOHPHQWV0X6DPSOLQJ Q ZDV
SHUIRUPHG EHWZHHQ  DQG P EHORZ
the present vegetal soil. At ET, two samplings 
VLWHV LGHQWL¿HG DV (7 Q    DQG (7 Q
   ZHUH WDNHQ HDFK  FP HDFK RWKHU
)RUFRPSDUDWLYHSXUSRVHVDQGWRFURVVFKHFN
the section magnetic behavior according to 
GHSWKDQDGGLWLRQDOVDPSOH(7ZDVWDNHQ
approximately 30 meter below the surface in a 
red level of cangagua. Samples from ET were 
Table 1. List of AMS dates obtained in the sites described in this paper. The calibrated ages were calculated with 
WKH³&DOLEUDGLRFDUERQFDOLEUDWLRQSURJUDP´6WXLYHUDQG5HLPHUDQGWKHFDOLEUDWLRQGDWDVHWDVVHPEOHG
by Reimer and colleagues (2013). 
Site Depth Material dated 14&DJH\U V)  Relative Laboratory
 cm  BP (2s) cal age area under number
    ranges distribution
    (cal yr BP)
4XLWR&LW\  6HGLPHQW    &85/
0XOOLPLFD  6HGLPHQW    .,
(O7LQJR  6HGLPHQW    &85/
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WDNHQ DV IROORZV (7  DQG  DQG (7  WR
 IURP OHYHO ,(7 WRDQG(7 WR LQ
level II while ET1 7 to 22 and ET2 7 to 20 from 
level III. Sediment near the surface was not 
sampled because it was highly disrupted by 
plant roots and there was evidence of recent 
archaeological pottery remains.
Laboratory analysis and results 
All samples were subjected to detailed stepwise 
DOWHUQDWLQJ ¿HOG $) GHPDJQHWL]DWLRQ LQ
SURJUHVVLYHVWHSVRI
DQGP7ZLWKDD[LVVWDWLFGHJDXVVHU
DWWDFKHG*FU\RJHQLFPDJQHWRPHWHU5
Additional steps of 80 and 100 mT were used 
in some samples. The characteristic directions 
were calculated using principal components’ 
DQDO\VLV .LUVFKYLQN  3DOHRPDJQHWLF
GDWD ZHUH SURFHVVHG ZLWK WKH ³,QWHUDFWLYH
DQDO\VLV RI SDODHRPDJQHWLF GDWD´ 7RUVYLN
1992) and MAG88 (Oviedo, 1989) computer 
programs. Some cores were not processed 
EHFDXVHWKHLURULHQWDWLRQPDUNVZHUH ORVW H
J4& WR (7 DQG(7  DQG
or were highly unstable to isolate directions 
(Mu13, 19 and 21). 
Following are the results for each section: 
QC specimens showed similar magnetic 
EHKDYLRU ZLWK OHVV RI   RI WKH 150
UHPDLQHGDW¿HOGRIP77KHPDMRULW\RIWKH
samples display linear demagnetization plots in 
with a Characteristic remanent magnetization 
&K50 WKDWFRXOGEHGH¿QHG WUHQGLQJ LQ WKH
YHFWRU GLDJUDPV =LMGHUYHOG  WRZDUGV
WKHRULJLQHJ4&¿JXUHDFH$
few samples present two components with the 
second one decaying to the origin in the vector 
SURMHFWLRQGLDJUDPVHJ4&¿JXUHE
d), with a soft viscous component removed at 
3 mT (e.g., QC42, Figure 3d). The cores show 
normal directions with steep inclinations with 
north-easterly directions (e.g., QC38, Figure 
3c). 
Mu cores exhibited a different behavior with 
OHVV WKDQ  RI WKH UHPDQHQFH DW P7
Figure 3.7\SLFDO=LMGHUYHOGGLDJUDPVRIVWHSZLVHGHPDJQHWL]DWLRQRI¿YHVDPSOHVZLWKQRUPDOSRODULW\IURP
Quito City.
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0X)LJXUHIP70X)LJXUHE
GP70X)LJXUHDDQGP70X
Figure 4e). There are univectorial samples 
(e. g., Mu4, Figure 4b), other ones with two 
YHFWRUVHJ0X)LJXUHDGDQG¿QDOO\
a few specimens recorded three magnetic 
components, one of them with southwesterly 
direction (Mu24, Figure 4e). 
ET samples showed a common pattern with 
similar reliable magnetic behavior. Some of 
them have a sudden drop with less than 10 
RI WKHUHPDQHQFHDWP7HJ(7
(7)LJXUHDGKP7HJ(7
)LJXUHLP7HJ(7)LJXUH
EFP7 (7 )LJXUHI DQGP7
(7   )LJXUH H J 0RVW VHFRQGDU\
components were a soft viscous magnetization 
that was easily removed between 3 and 12 
P7 ,QPRVW FDVHVD&K50FRXOGEHGH¿QHG
WUHQGLQJ LQ WKH =LMGHUZHOG GLDJUDPV WRZDUGV
WKH FRRUGLQDWH¶V RULJLQ HJ (7   (7
  )LJXUH D G JK $ VFDUFH QXPEHU
of specimens had two components with the 
second one decaying to the origin in the VDP 
(7)LJXUHI([FHSW(7WKDW\LHOGHG
D QRUPDO GLUHFWLRQ )LJXUH L UHYHUVHG RU
³DQRPDORXV´VRXWKZDUGGLUHFWLRQVZHUHIRXQG
at the majority of ET1 and ET2 cores (e. g. 
(7(7)LJXUHDE
d-h); Two samples (ET1 13 and ET2 11) exhibit 
HDVWHUO\GLUHFWLRQV)LJXUHF
6DPSOHV ZLWK OHVV   RI WKH 150
UHPDLQLQJ DW P7 IURP WKH DQDO\]HG VLWHV
suggest titanomagnetite as the dominant 
FDUULHURIWKH1501DJDWD6WDFH\DQG
Banerjee, 1974; Tarling, 1983; Thompson and 
2OG¿HOG  7KH QXPEHU DQG LQWHUYDOV
of demagnetization steps used to isolate the 
ChRM of each site are depicted in the appendix.
The stereographic projection of each 
ORFDOLW\ LV LOOXVWUDWHG LQ ¿JXUH  4& GLVSOD\V
normal GMF direction; despite that most of 
the samples at Mu display normal polarities, 
there are also intermediate directions which 
are considered in this way when departure 
from the mean is greater than 30° (Quidelleur 
DQG 9DOHW  6XUSULVLQJO\ DW (7 ERWK
sites yielded strongly similar reverse records. 
Magnetograms of stratigraphic presentation 
RIWKHGHFOLQDWLRQDQGLQFOLQDWLRQSUR¿OHVIURP
each site are exhibited in Figures 7 to 9. QC 
shows stable logs with a gentle positive to 
negative inclination from ~40° to 10° (Figure 
7). Mu shows wide amplitude pulses both in 
declination and inclination with normal and 
intermediate directions with transitional 
positive to negative inclination values and wide 
amplitude pulses between normal declinations 
(Figure 8). It also present a ~90° westward 
GHFOLQDWLRQ VZLQJ DQG D VWURQJ ÀXFWXDWLQJ
inclination shifting from positive to negative 
values from ~40 to 70° which are showed 
between dashed lines and pointed with an 
DUURZLQ)LJXUH5HPDUNDEO\LVWKDW(7DQG
ET2 showed reverse directions with a similar 
ZLGH ÀXFWXDWLRQ RIa UHSUHVHQWHG E\ RQH
sample (ET1 10 and ET2 9) in each site. 
Figure 10 exhibit the overlapped stratigraphic 
presentation of both sections related with 14C 
date and depth.
Figure 11 depicts the stereoplots of virtual 
geomagnetic pole (VGP) positions calculated 
from the directions isolated of each section. 
When plotted in a present world map, VGPs 
calculated from normal samples at QC are 
very well clustered in Northern North America, 
Greenland and Northern Europe (Figure 12a); 
most VGP´s calculated from Mu are situated 
EHWZHHQ  DQG  QRUWKHUQ ODWLWXGH LQ
Northern North America, Greenland, western 
(XURSH$IULFDDQG1RUWK3DFL¿F2FHDQ)LJXUH
12b). Interestingly, the majority of the reverse 
directions from ET conforms a patch located 
LQVRXWKHUQ$IULFDDQG¿QDOO\DIHZRQHVDUH
situated in central Africa, eastern Australia 
and Antarctica (Figure 12c-d). Figure 12e 
illustrate the totality of VGPs calculated from 
the Ecuadorian sites presented in this paper, 
positions that agree well with VGPs observed 
in previous paleomagnetic studies performed 
on sections of similar age from Argentina and 
&KLOH1DPLD)LQDOO\
VGPs sited on South America also occurred in 
other paleomagnetic records of comparable 
age. In northern Europe, several varved 
FRUHVIURP%M|UNHU|GV0RVVH ODNHH[KLELW ORZ
latitude VGPs located in western Africa during 
the Pleistocene/Holocene boundary (Mörner, 
1977: 422). Their distribution shows strong 
similarities with the VGPs calculated for the 
Laschamp and Iceland basin excursions, dated 
DWaNDDQGa±NDUHVSHFWLYHO\/DM
DQG&KDQQHO)LJXUHDQG
Finally, a mean geomagnetic pole called Ecu 
was calculated from QC and Mu, the sites with 
normal and intermediate directions. They were 
computed from all VGP’s located within 40° 
window around the mean geomagnetic pole (cf. 
McElhinny et al., 1974). Additional palaeopoles 
for the sites from North and southern South 
America was also determined. On of them, 
QDPHG³(DVWHUQ$UJHQWLQD´($ZDVFRPSXWHG
XVLQJ SROHV IURP  ORFDOLWLHV VLWXDWHG LQ
northeastern Argentina where transitional VGPs 
ZHUH FRPSXWHG 1DPL D  
Another paleopole was calculated from the Red 
5RFNVLWHVIURP&DOLIRUQLD6RXWKZHVWHUQ1RUWK
H. G. Nami
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Figure 4. Vector components diagrams showing the behavior of typical samples cleaned using AF progressive 
demagnetization from Mullimica.
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Figure 5.DK7\SLFDO=LMGHUYHOGGLDJUDPVRIVWHSZLVHGHPDJQHWL]DWLRQRIVDPSOHVZLWKUHYHUVHSRODULW\IURP(O
Tingo 1 and 2, i) sample with normal direction from ET3.
H. G. Nami
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Figure 6.6WHUHRSORWVVKRZLQJWKHGLUHFWLRQDOGDWDZLWK¿HOGFRUUHFWLRQIURP4&D0XEDQG(7F6ROLGDQG
open circles represent positive and negative values, respectively).
Figure 7. Declination and inclination logs from QC. 
The line in the inclination shows the decreasing trend 
from ~-10° at the lower part to ~20° at the upper 
part.
America, where anomalous GMF directions 
were also recorded (Nami, 1999b). The totality 
of calculated paleopoles are depicted in Table 
2. Finally, it was also used the previously 
published paleopole determined with the sites 
where the Mylodon excursion was computed 
>0(   : /RQJ 6 /D ZLWK
$ @ 1DPL D $V REVHUYHG LQ
¿JXUH WKH\DJUHHZHOODQGDVSUHYLRXVO\
LQIRUPHG 1DPL D   0HQD
and Nami, 2002), they do not agree with the 
JHRJUDSKLFDO SROH DQG VKRZV a DQJXODU
difference in relation to the rotation´s axis 
of the Earth. This suggest that a time span 
RIND LV LQVXI¿FLHQW WRDYHUDJHRXW
JHRPDJQHWLF VHFXODU YDULDWLRQ >369@ +\RGR
et al.1DPLD0HQD
and Nami, 2002).
Discussion
New data obtained in sediments from different 
environments and lithologies cored in Pichincha 
province in Ecuador have been found to contain 
records that showed normal and anomalous 
GMF behavior. Normal directions were recorded 
in QC, while normal and intermediate polarity 
directions at Mu and, reverse VGPs at ET. QC 
and the upper portion of Mu correspond to the 
PSV Holocene record for Ecuador during the 
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Figure 8.6WUDWLJUDSKLFSORWVRIWKHGHFOLQDWLRQDQGLQFOLQDWLRQSUR¿OHVIURP0X7KHPRUHFRQVSLFXRXVORQJGL-
rection and inclination departures are depicted between dashed lines and pointed with an arrow. 
Figure 9.6WUDWLJUDSKLFSUHVHQWDWLRQRIWKHGHFOLQDWLRQDQGLQFOLQDWLRQSUR¿OHVIURP(7VLWHVD(7E(7
H. G. Nami
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Table 2./DWH3OHLVWRFHQH+RORFHQHJHRPDJQHWLFSROHVIURP(FXDGRUQRUWKHDVWHUQ$UJHQWLQDDQG5HG5RFNOR-
FDOLW\LQZHVWHUQ1RUWK$PHULFDFDOFXODWHGZLWKLQDURXQGWKHPHDQ5HIHUHQFHVQ QXPEHURIVDPSOHV$
VHPLDQJOHRIFRQHFRQ¿GHQFH.SUHFLVLRQSDUDPHWHU)LVKHUUUHVXOWDQWYHFWRU
 6HFWLRQ6LWH 6LWHV 6DPSOHV /RQJ( /DW $ 5 .
  (n) (n)
 (FX       
 ($       
 55       
Figure 10. Overlapped stratigraphic display of ET1 and ET2 logs respectively represented by solid circles and 
triangles related with the direct absolute date by 14C. Roman numbers to the left indicates the geological layers.
Figure 11. Stereographic projection of VGP calculated from directions of ChRM calculated from the sites men-
tioned in the text. Solid circles show those ones located in the Northern Hemisphere. The center of the projection 
is the geographic Southern Pole.
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a ND %3 RQ WKH RWKHU KDQG WKH ORZHU
portion of Mu logs represents the transition 
from normal to intermediate directions 
RFFXUULQJ DWa ND %3 )LQDOO\ VLWHV IURP
ET recorded two stable oblique reverse records 
ZLWK D ODUJH ÀXFWXDWLRQ IDU IURP WKH SUHVHQW
*0)DWaND%37KHFRUHIURP(7ZLWK
normal direction might be consistent with the 
Brunhes chron normal polarity, suggesting 
that this part of the section may have <700 
ND +DLOZRRGDQG WKH3OHLVWRFHQHDJH
of the deposit. Then, if the records presented 
here are not sediment artifacts (Langereis 
et al., 1992; Quideller and Valet, 1994), ET 
corresponds to a PSV record that occurred 
during the reverse polarity position prevailed 
at Ecuador during the Pleistocene-Holocene 
WUDQVLWLRQDWaND%30XVDPSOLQJLQWHUYDO
which is different to QC, might explain in part 
differences between magnetograms. Actually, 
the declination log at Mu shows a difference 
RI  DQG D ODUJHU ÀXFWXDWLRQ RI a LQ
Figure 12. World map showing the location of the VGP obtained from the sites described in this paper (a-d) and 
the totality of VGPs from the Ecuadorian sites (e).
H. G. Nami
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inclination. Also some VGPs from Mu and the 
WRWDOLW\RI(7GLIIHUE\PRUHWKDQDZD\
from the geographic pole during normal or 
reverse polarity, signifying that they might be 
consider as a major deviation in GMF behavior 
over a relatively short period of geologic time 
(e.g., Wilson et al&R[%DUEHWWL
DQG0F(OKLQQ\ 9HURVXE DQG%DQHUMHH
1977; Merrill and McElhinny, 1983; Thouveny 
and Creer, 1992; Jacobs, 1994; Merrill and Mc 
Fadden, 1994; Laj and Channel, 2007; Valet, 
:DWNLQV+HQFHWKHDQRPDORXV
directional data observed at Mu and ET, probably 
FRUUHVSRQGVWRGLIIHUHQW¿HOGH[FXUVLRQVOLNHO\
RFFXUUHG DW a DQGa ND %3 $FWXDOO\
ODUJHDPSOLWXGHÀXFWXDWLRQVZLWK UHYHUVHDQG
intermediate polarities were observed across 
the Americas during the middle Holocene at 
aND%3LQODYDÀRZVDQGVHGLPHQWV
from diverse environments in Mexico and the 
5HG5RFNORFDOLW\&DOLIRUQLD86$*RQ]DOH]et 
al., 1997, Urrutia-Fucugauchi et al1DPL
1999b); in southern South America a number 
of well date locales yielded records with 
intermediate and reverse directions, mainly 
at La Serranita site in northeastern Patagonia, 
$UJHQWLQDGLUHFWO\GDWHGDW\U%3
(Nami, 2012, 2013). At the same time and in 
other parts of the world, large departures of 
the GMF were observed in Chinese fresh-water 
Figure 13. Projection showing the 
paleo pole (Ecu) obtained with 40° 
¿OWHUDQGWKHLUFRQ¿GHQFHLQWHUYDOLQ
relation with the paleo pole obtained 
for the other sites with anomalous 
GMF directions from Northeastern 
Argentina (EA), North America (RR) 
and South America (ME) in relation 
with the sampling site (a) and the 
Antarctic continent (b).
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sediments from Beijing that occurred between 
DQG\U%3=KXet al., 1998), 
several cores from the Barents sea yielded 
UHFRUGVRIWKH6RORYNLH[FXUVLRQGDWHGDW
ND%3*XVNRYDet al., 2008).
During the terminal Pleistocene and its 
transition to the Holocene other anomalous 
directions were recorded in several sites and 
localities across the world (Table 3). In other 
areas of South America in Southern Chile, 
Mylodon cave yielded a stable record with 
intermediate and reverse directions registered 
at sediments consistently dated at ~11.0-10.0 
DQGa ND %3 1DPL  )XUWKHUPRUH
similar directions were recorded at Las Buitreras, 
Alero de las Circunferencias, and Barrancas de 
Maipú in Chile and Argentina (Nami, 1999a; 
Moreiras et al., 2013). In North America, the 
*UDQGIDWKHU/DNHLQ$ODVND\LHOGHGUHFRUGVZLWK
an excursion dated at the terminal Pleistocene 
and early Holocene dated between ~9.7-11.7 
ND %3 RU a &DO ND %3 *HLVV DQG
Banerjee, 2003); also, Creer and colleagues 
REVHUYHGODUJH*0)ÀXFWXDWLRQVDWWKH
(ULHDX/DNH&DQDGD LQWKHWLPHVSDQXQGHU
consideration. These anomalous directions 
might be contemporaneous to those excursions 
observed by Lund and associates (2008) at 
marine sediments of the Tahiti Coral Reef dated 
DWDQGFDOND%3DQGDQG
FDO ND %3 RWKHU RQH REVHUYHG DW WKH 6RXWK
3DFL¿F2FHDQUHJLRQDW7DKLWLDOVRGDWHGD
FDO ND %3 /XQG et al., 2007) and, in West 
&RDVW 6RXWK ,VODQG 1HZ =HDODQG 1HOVRQ et 
al., 2009). Also, during the last millennium of 
the Pleistocene a number of PSV records in the 
northern Hemisphere, showed that despite the 
inclinations has the expected positive values, 
large amplitude swings in declination were 
recorded in Scandinavia and northern Russia 
%DFNPXWRY  %DFNPXWRY et al., 1994; 
Saarnisto and Sarinen, 2001).
Table 3. List of well dated records with anomalous GMF directions occurred during the last millennium of the 
Pleistocene and Pleistocene-Holocene transition. References: †: no given. To unify the results, all the available 
GDWHVZHUHFDOLEUDWHGXVLQJWKH³&DOLEUDGLRFDUERQFDOLEUDWLRQSURJUDP´6WXLYHUDQG5HLPHUDQGWKHFDOL-
EUDWLRQGDWDVHWDVVHPEOHGE\5HLPHUDQGFROOHDJXHV&DOLEUDWHGDJHVDUHUHSRUWHGZLWKıFDO
age ranges. 
Site Environment Material  Uncalibrated Calibrated Relative Reference
  Dated AMS date yr age yr BP area under 
   BP  distribution 
(O7LQJR &RQWLQHQWDO 6HGLPHQW    7KLVSDSHU
    
*UDQGIDWKHU /DFXVWULQH :RRG    *QHLVVDQG
/DNH      %DQHUMHH
³ ³ ³    ³
    13718 
7DKLWL&RUDO 0DULQH     /XQGet al. 
Reef (younger    11100  2008
excursion)      
7DKLWL&RUDO 0DULQH     /XQGHWDO
Reef (older    13200  2008
excursion)
$OHURGHODV &RQWLQHQWDO &KDUFRDO    1DPLD
Circunferencias    11089
³ ³ ³    ³
    
%DUUDQFDV &RQWLQHQWDO &KDUFRDO    0RUHLUDVet al. 
de Maipú    10700  2013
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Conclusions
The aforementioned anomalous GMF behavior 
occurred during the Pleistocene-Holocene 
transition and middle Holocene supports the 
hypothesis of the global excursional state of 
the GMF with not coetaneous intermediate and 
UHYHUVHGLUHFWLRQVGXULQJWKHODVWaND%3
(Nami, 1999b, 2012, 2013). Hence, it might 
be expected that the Holocene GMF might 
have had a peculiar behavior with normal, 
intermediate and/or reverse polarity positions 
at the same time in different regions. In this 
VHQVHUHPDUNDEO\LVWKH*0)PRGHOSURSRVHG
by Brown and colleagues (2007) to explore 
WKH SRVVLEOH LQÀXHQFH RI WKH WLPHYDU\LQJ
nondipole components during reversals and 
excursions. With that aim, they varied the 
magnitude of the axial dipole component in 
the model CALS7K.2 constructed by using 
paleomagnetic and arqueomagnetic data of the 
ODVW  ND %3 .RUWH DQG &RQVWDEOH 
Resulting from their analysis, the authors 
suggest that non-dipole components could 
DGGVLJQL¿FDQWVWUXFWXUHWRWKH*0)GXULQJWKH
processes occurred in reversals and excursions 
which, in the latter, are neither global in extent 
nor synchronous in occurrence. Surpringly, 
VGPs locations derived from the Brown and 
FROOHDJXHV)LJXUHPRGHODJUHHVIDLUO\
well with the VGPs distribution observed in the 
OLNHO\H[FXUVLRQVRFFXUUHGGXULQJWKHODVW
ND%3DWDERXWDQGND%31DPL
 D   5HPDUNDEO\ WKH
presence of VGP across Africa is coincident with 
the theoretical model developed by Gubbins 
(1987, 1994), who pointed out that beneath 
WKH6RXWK$WODQWLF2FHDQ WKHUH LVD ³UHYHUVH
ÀX[´ SDWFK ZKLFK LV D VRXUFH RI PDJQHWLF
anomalies, particularly in Africa (Bloxham and 
*XEELQV  %OR[KDP  7KHUHIRUH LI
the paleomagnetic records informed in this 
SDSHU WUXO\ UHÀHFW WKH *0) EHKDYLRU WKH\
might be related with these anomalies.
Finally, if the anomalous GMF behavior 
REVHUYHG DW a ND %3 UHSUHVHQWV D
true excursion, it will become an excellent 
PDJQHWRVWUDWLJUDSKLF PDUNHU IRU WKH
Pleistocene-Holocene transition in certain 
parts of the world. In fact, as a dating tool, the 
excursion recorded at ET may be considered 
highly useful for dating materials and events 
formed and occurred during the Pleistocene-
Holocene transition in the area surrounding 
the Ilaló hill in Ecuador. Repetition of denser 
sampling and supplementary precise dating 
is needed in order to gain a more detailed 
NQRZOHGJHRIWKH*0)EHKDYLRUGXULQJWKHODVW
ND%3
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